It is becoming increasingly evident that there are certain dangers associated with obstetrical analgesia. Montgomery (1) investigated maternal mortality in Philadelphia and concluded that pentobarbital sodium was a significant factor. Gruber (2) emphasizes the dangers associated with anesthetic doses of the barbiturates, i.e., depression of the cardiorespiratory mechanism and diminution of tonus in smooth muscle (bladder, ureter, and uterus). Acute pulmonary edema may result from toxic doses or even therapeutic doses in individuals with an idiosyncrasy. Henderson (3) considers all narcotics and hypnotics used to produce obstetrical analgesia respiratory depressants, affecting the baby more than the mother. The barbiturates are particularly dangerous because of the diminution of sensitivity to the normal respiratory stimulus-carbon dioxide. He believes they can be administered safely only in doses large enough to relieve anxiety.
This study was initiated as an attempt to determine the effects of the barbiturates on the respiratory mechanism of the normal parturient woman. It includes the following lines of investigation:
(1) lung volume; (2) x-ray mensuration of diaphragm levels; (3) external measurements of the chest; and (4) intra-abdominal pressure.
LUNG VOLUME Lung volume is an indicator of the functional status of the cardiorespiratory mechanism. Vital capacity has been utilized as an index of lung volume and variable results have been obtained. Alward (4) found a gradual reduction of vital capacity in the last month of pregnancy, a sharp reduction following delivery, and a gradual return to normal limits by the tenth postpartum day. Landt and Benjamin (5) found no signifi-cant trend during the course of pregnancy although there was a monthly variation of 100 to 300 cc. from the mean. This was considered to be within normal limits. Thomson and Cohen (6) report a slight but usually progressive increase before delivery which could be correlated with a widening of the subcostal angle and was thought to be a direct result of mechanical alterations of thoracic volume. Vital capacity represents only one portion of the total lung volume and does not necessarily reflect similar changes in the other components ( Figure 1 ). Christie (7) has devised a technique whereby all of the components of lung volume can be determined. A presentation of the following material will be simplified by definitions taken from Christie's paper. Vital Sixteen patients of the series investigated were delivered through the pelvis. This group can be divided into the following sub-groups: (a) four patients were delivered without analgesia or anesthesia; (b) eight patients were given one of the barbiturates and scopolamine during labor and ether anesthesia at delivery; (c) two patients were given one of the barbiturates and scopolamine during labor but no anesthesia at delivery; and (d) two patients had no analgesic drugs during labor but were given ether anesthesia at delivery. The barbiturates administered during labor were seconal, sodium amytal, and pentobarbital sodium. Twelve grains of sodium amytal was the largest dosage used. There was a single patient delivered by cesarean section. Atropine grains 1/150 was given preoperatively and gas-oxygenether was used as the anesthetic.
RESULTS
The total lung volume shows no significant change although the vital capacity tends to increase slightly in the latter part of pregnancy. The average value for all vital capacity determinations made during the last month of pregnancy was seven per cent above normal in this series ( Figure 2 ).
Patients delivered without analgesia or anesthesia showed either no significant changes or an increase of the total lung volume and its components during the first week following delivery.
Barbiturate and scopolamine analgesia during labor plus ether anesthesia at delivery results in an eight to ten per cent reduction of total volume, functional residual air (subtidal air) and vital capacity as late as the fourth and fifth days of the puerperium. The reduction of vital capacity is actually fifteen to twenty per cent below the antepartum level. The reduction of lung volume is even more striking in the first twenty-four hours after delivery when depression is maximum.
Barbiturates alone decreased the total volume Ether anesthesia alone decreased the total volume, subtidal air, and vital capacity, but the reduction was less than that brought about by a combination of analgesia and anesthesia.
The patient delivered by cesarean section showed a marked reduction of vital capacity following delivery with a proportionately smaller reduction of total volume. These results indicate the effects of postoperative pain and posture associated with laparotomy.
Cesarean section reduced the vital capacity markedly. On the other hand, the functional residual air (subtidal volume) increased. An increase of the residual air, which is one of the components of the subtidal volume, compensated for the reduction of vital capacity. The total lung volume therefore was not diminished as much as the vital capacity (Table I) . Figure 4 illustrates the alterations in diaphragm levels during pregnancy and the puerperium. Roentgenograms were taken at the end of maximum inflation and maximum deflation. The first three cases were x-rayed at 84 inches with the patient always in a sitting position. The remainder were x-rayed in a supine position with the distance from target of the Coolidge tube to the plate kept constant at 30 inches. Measurements were made from the first rib to the dome of the diaphragm and are expressed in centimeters. "E " represents expiration and " I " inspiration. The cross-hatched area represents the excursion of the diaphragm.
Intra-abdominal pressure Coombs (10) considers the intra-abdominal pressure lower during pregnancy than under normal conditions in spite of an increase in the contents of the abdominal cavity. Schatz (11) that the mercury levels in the U-tube were equal when the bag was at the level of the rectum. The bag was then deflated, inserted into the large bowel and reinflated with an equal quantity of water. Pressures were expressed in millimeters of mercury.
Intrarectal pressure readings were performed on five patients in an attempt to ascertain indirectly the changes in intra-abdominal pressure which follow delivery (Table II) . There was 2. The total lung volume shows no significant alterations as a result of pregnancy.
3. The vital capacity normally increases slightly in the antepartum period. If labor is conducted without analgesia and delivery is performed without anesthesia there is a moderate reduction in this component of the total lung volume following delivery which rapidly returns to normal.
4. Respiratory depression resulting from large doses of analgesic drugs during labor or profound anesthesia at delivery will alter the cardiorespiratory mechanism so that the vital capacity is markedly reduced in the postpartum period and its return to normal is delayed.
5. Cesarean section is accompanied by a marked reduction of vital capacity and a proportionately smaller reduction of total volume.
6. Alterations of thoracic volume from flaring of the costal margins compensates for a cephalic displacement of the diaphragm by the advancing pregnancy. The total lung volume is thereby maintained at approximately its normal level.
7. An increased excursion of the diaphragm as pregnancy advances assists in maintaining normal aeration of the lungs and compensates for any possible atelectasis of the lung bases as a result of compression by the encroaching diaphragm. 8 . Descent of the diaphragm following delivery results in a rise of intra-abdominal pressure during inspiration thereby assisting the respiratory mechanism which otherwise would be embarrassed by the reduction of expiration owing to failure of the abdominal recoil. Experimental evidence suggests that diaphragmatic activity and descent are diminished by loss of tonus resulting from excessive dosage of drugs during labor. 9 . Barbiturates are respiratory depressants and should not be used in doses that will produce more than a sedative effect during labor.
